Abstract A series of Schiff bases (1-16) and esters (17-27) of p-amino benzoic acid (PABA) was synthesized and its in vitro antimicrobial potential was evaluated by using tube dilution method. Compound 11 was found to be most promising antibacterial agent (pMIC bs = 2.11 µM/ml) having antibacterial potential comparable to standard drug norfloxacin (pMIC bs = 2.61 µM/ml) and may be taken as a lead compound for the development of novel antibacterial agents. QSAR analysis indicated that electronic parameters, total energy (Te) and energy of lowest unoccupied molecular orbital (LUMO) were found dominant in explaining the antimicrobial activity of synthesized compounds.
INTRODUCTION
T he emerging problem of resistance to conventional antimicrobial agents has stimulated interest in the development of new antimicrobials. Newly characterized molecules have inspired molecular designs for the creation of therapeutics, and will continue to do so as more are discovered, because these are based on antimicrobial strategies that have proven efficacious over millennia (Zasloff, 2002) .
p-Aminobenzoic acid (PABA) is a cyclic amino acid and belongs to the vitamin B group and used as a protective drug against UV irradiation and in diagnostic tests for gastrointestinal tract. PABA is also having anti-virulent properties and therapeutic effect against typhoid and rickettsial diseases (Akberova et al, 2002) . Schiff bases show various biological properties including antibacterial, antifungal antitumor, analgesic and anti-inflammatory activity (Chhonker et al, 2009) .
Quantitative structure activity relationship (QSAR) studies provide medicinal chemists valuable information that is useful for drug design and prediction of drug activity. QSAR models are mathematical equations which H, 5.42; N, 11.89; Found: C, 78.12; H, 5.49; N, 11.84 Compound 20: ; IR (KBr pellets, cm-1) 1546 (C=C str., phenyl nucleus), 2933 (C-H str., phenyl nucleus), 1604 (N-H in plane bending, 1 0 amine), 1820 (C=O str., ester), 2933 (CH 3 asym. str., alkane); 1 H NMR (DMSO) 6.394-7.588 (m, 4H, ArH), 1.130 (t, 3H, CO -CH 2 -), 5.016 (m, 2H, -CH 3 ); Anal. Calculated for C 9 H 11 NO 2 : C, 65.44; H, 6.71; N, 8.48; Found; C, 65.39; H, 6.76; N, 8.43 
Evaluation of antimicrobial activity (Determination of MIC)
The antimicrobial activity was performed against Gram-positive bacteria: Staphylcococcus aureus MTCC 2901, Bacillus sublitis MTCC 2063, Gramnegative bacterium: Escherichia coli MTCC 1652 and fungal strains: Candida albicans MTCC 227 and Aspergillus niger MTCC 8189 using tube dilution method (Cappucino and Sherman, 1999) . Dilutions of test and standard compounds were prepared in double strength nutrient broth -I.P. (bacteria) or Sabouraud dextrose broth I.P. (fungi) (Pharmacopoeia of India, 2007) . The samples were incubated at 37 °C for 24 h (bacteria), at 25 °C for 7 d (A. niger) and at 37 °C for 48 h (C. albicans) and the results were recorded in terms of MIC.
QSAR studies
The structures of PABA derivatives were first pre-optimized with the Molecular Mechanics Force Field (MM + ) procedure included in Hyperchem 6. 03 (1993) and the resulting geometries were further refined by means of the semiempirical method PM3 (Parametric Method-3). We chose a gradient norm limit of 0.01 kcal/A˚ for the geometry optimization. The lowest energy structure was used for each molecule to calculate physicochemical properties using TSAR 3.3 software for Windows (2000) . Further, the regression analysis was performed using the SPSS software package (1999).
RESULTS AND DISSCUSSION

Chemistry
Schiff bases (1-16) and esters (17-27) of PABA were synthesized using the synthetic procedures outlined in Scheme 1. Esters were synthesized by reaction of PABA with different alcohols in the presence of sulphuric acid. In order to synthesize Schiff bases of PABA, firstly p-amino benzoic acid was coupled with benzaldehyde in order to block amino group of PABA. The later was reacted with ethanol to synthesize ethyl 4-(benzylideneamino)benzoate. 4-(benzylideneamino) Scheme1: Synthetic scheme for the synthesis of Schiff bases (1-16) and esters of 
Antimicrobial activity
The results of antimicrobial activity of synthesized compounds are presented in subtilis suggested that compound 11, N'-(3-bromo benzylidene)-4-(benzylidene amino)benzohydrazide (pMIC bs = 2.11µM/ml) was found most potent among the synthesized compounds. In case of E. coli, compound 14, N'-(3-methoxy-4-hydroxy benzylidene)-4-(benzylidene amino)benzohydrazide (pMIC ec =1.78 µM/ml) was found better antibacterial agent among the synthesized series. The antifungal activity results showed that compound 5, N'-(4-bromo benzylidene)-4-(benzylidene amino)benzohydrazide was found to be most potent than the other members of the series against both fungal strains tested i.e. A. niger as well as C. albicans (pMIC an, ca =1.81 µM/ml).
Structure Activity Relationship (SAR) studies
From the antimicrobial activity results of PABA derivatives, the following structure activity relationship may be concluded: 1 In general, Schiff's bases of PABA were found to be more potent than its esters. 2 Electron withdrawing group (bromo) increased antimicrobial activity of the synthesized compounds against B. subtilis, C. albicans and A. niger. m-Bromo derivative (11) was found to be active against B. subtilis while p-bromo derivative (5) was found to be active against C. albicans and A. niger. coli. 3,4,5-Trimethoxy derivative (2) was found to be active against S. aureus and 3-methoxy-4-hydroxyl derivative (14) was found to be active against E. coli. 4 Presence of an additional conjugation (13) decreased antibacterial activity of the synthesized compounds. 5 By analysing the structure of most active compounds, it was evidenced that different structural requirements were necessary for a compound to be active against different microbial species. These results were similar to the findings of Sortino et al. (2007) . The findings of antimicrobial study are presented in Figure 1 . 
QSAR Studies
Quantitative structure activity relationship (QSAR) studies were performed using linear free energy relationship (LFER) model described by Hansch and Fujita (1964) . In the present study, a dataset of 27 derivatives of PABA derivatives (1-27) was used for linear regression model generation. Standard drugs, norfloxacin and fluconazole were not included in the model generation. Table 3 . The values of selected molecular descriptors used in the QSAR study are presented in Table 4 . mt-QSAR model is a single equation that considered the nature of molecular descriptors which were common and essential for describing the antibacterial and antifungal activity (Gonzalez-Diaz et al, 2007 Gonzalez-Diaz and Prado-Prado, 2008) .
In the present study, we attempted to develop three different types of mt-QSAR models viz. mt-QSAR model to describe antibacterial, antifungal and antimicrobial activity of the synthesized compounds. Compounds 1, 2, 3, 6 and 23 were removed as outliers and were not involved in the data set for QSAR model generation according to recommendations of Furusjo et al (Furusjo et al, 2006) .
The average antibacterial activity values were correlated with the molecular descriptors of synthesized compounds (Table 5 ). In general, high colinearity (r > 0.5) was observed between different parameters. The high interrelationship was observed between topological parameters, zero order molecular connectivity index ( 0 χ) and Kier's first order shape index (κ 1 ) (r = 0.998), and low interrelationship was observed for electronic parameters, dipole moment (µ) and energy of lowest unoccupied molecular orbital LUMO (r = -0.043). The correlation of antibacterial, antifungal and antimicrobial activities of the synthesized compounds with molecular descriptors is presented in Table 6 .
Electronic parameter, total energy (Te) was found to be dominating descriptor for antibacterial activity of the synthesized compounds (Eq. 1). Here and thereafter, n -number of data points, r -correlation coefficient, q 2 -cross validated r 2 obtained by leave one out method, s -standard error of the estimate and F -Fischer statistics.
LR-mt-QSAR model for antibacterial activity
The developed QSAR model for antibacterial activity (Eq. 1) indicated that there was a negative correlation between Te and antibacterial activity of the synthesized compounds. This was evidenced by least antibacterial activity compound 22 (pMIC ab = 1.06 µM/ml) having highest Te value (-2307.66). The developed QSAR model (Eq. 1) was cross validated by q 2 value (q 2 = 0.500) obtained by leave one out (LOO) method which indicated that the model developed was a valid one. As the observed and predicted values were close to each other (Table 7) , the mt-QSAR model for antibacterial activity (Eq. 1) was a valid one (Golbraikh and Tropsha 2002) . The plot of predicted pMIC ab against observed pMIC ab (Fig. 2) also favoured the developed model expressed by Eq. 1. Further, the plot of observed pMIC ab vs residual pMIC ab (Fig. 3) indicated that there was no systemic error in model development as the propagation of error was observed on both sides of zero (Kumar et al, 2007) . Electronic parameter, energy of lowest unoccupied molecular orbital (LUMO) was found most important in expressing antifungal activity of the synthesized compounds (Table 6) . So, QSAR model for antifungal activity (Eq. 2) was developed using LUMO. As in case of antibacterial activity, antifungal activity of the synthesized compounds was also negatively correlated with their LUMO values (Tables  2 and 4 ). According to the FMO concept, the HOMO and LUMO of a molecule play important roles in intermolecular interactions. Extending the concept to binding in drug-receptor systems, the major contribution to binding involves the interaction between the HOMO of the drug with the LUMO of the receptor and that between LUMO of the drug with the HOMO of the receptor. (Narasimhan et al, 2011) .
LR-mt-QSAR model for antifungal activity
The validity and predictability of the QSAR model for antifungal activity i.e. Eq. 2 was cross validated by q 2 value (q 2 = 0.333) obtained by leave one out (LOO) method. In case of Eq. 2, the value of q 2 less than 0.5 indicated that the developed model was an invalid one. But one should not forget the recommendations of Golbraikh and Tropsha, who reported that the only way to estimate the true predictive power of a model was to test their ability to predict accurately the biological activities of compounds. As the observed and predicted values were close to each other (Table 7) , the mt-QSAR model for antifungal activity Eq. (3) was found to be a valid one (Golbraikh and Tropsha, 2002) .
Electronic parameter total energy (Te) was found to be most effective in describing antimicrobial activity of the synthesized compounds (Eq. 3). Antimicrobial activity of the synthesized compounds was negatively correlated with total energy (Te) which means that antimicrobial activity of the synthesized compounds would increase with decrease in their Te values (Tables 2 and 4 ). The total energy (Te) calculated by semi empirical methods can be used as a measure of non-specific interactions of a drug with its target site i.e. the total energies of the protonated and neutral forms of the molecule, can be considered as a good measure of the strength of hydrogen bonds (the higher the energy, the stronger the bond) and can be used to determine the correct localization of the most favorable hydrogen bond acceptor site (Narasimhan et al, 2009) .
The validity of QSAR model for antimicrobial activity (Eq. 3) was indicated by its high q 2 value (0.540) as well as the low residual values (Table  7) . Further, plot of predicted pMIC am against observed pMIC am (Fig. 4) also favoured the developed model expressed by Eq. 3. The plot of observed pMIC am vs residual pMIC am (Fig. 5) indicated that there was no systemic error in model development as the propagation of error was observed on both sides of zero (Kumar et al, 2007) . The high residual values observed in case of outliers (1, 2, 3, 6 and 23, Table 7 ) justified their removal while developing QSAR models.
It was observed from mt-QSAR models [Eq. 1-3] that the antibacterial, antifungal and the overall antimicrobial activities of the synthesized PABA derivatives were governed by electronic parameters, total energy (Te) and energy of lowest unoccupied molecular orbital (LUMO). 
CONCLUSION
A series of Schiff bases (1-16) and ester (17-27) derivatives of p-amino benzoic acid (PABA) was synthesized and evaluated for its in vitro antimicrobial potential by using tube dilution method. In general, Schiff's bases of PABA were found to be more potent than its esters.
Compound 11 was found to be most promising antibacterial agent. Further, QSAR studies were carried out to find correlation between antimicrobial activity and molecular descriptors of synthesized PABA derivatives which indicated the importance of electronic parameters total energy (Te) and energy of lowest unoccupied molecular orbital (LUMO) in describing the antimicrobial activity of synthesized compounds.
